Introduction
============

The 2003 European-wide heatwave and the resulting substantial excess mortality highlighted the significant impact these sudden events can have upon the general population.[@b1; @b2; @b3] This notable climatic event is predicted to become annual by the 2080s[@b4] due to changes in climate; indeed, the UK has experienced some notably warm summers since 2003, which have been associated with excess morbidity and mortality.[@b5] In response, a Heat-Health Watch system[@b6] was established in 2004 in England and Wales as part of the heatwave plan which operates from 1 June to 15 September each year. Region-specific thresholds have been set for maximum daytime and minimum nighttime temperatures, above which heat could have a significant effect on health ([table 1](#tbl1){ref-type="table"}). A threshold breach alerts social and healthcare services which can then work to reduce the potential health impact by targeting specific actions to high-risk groups. In recent seasons, the development of a real-time age group and region-specific excess mortality surveillance system by the Health Protection Agency (HPA) became possible with the creation of the online death registration system by the General Registry Office (GRO) in 2009. Daily death data from this surveillance system has enabled rapid estimation of the mortality impact of public health events such as pandemic influenza and extreme temperature.[@b5] This timely analysis can then be used to help guide and prioritise public health measures and identify vulnerable individuals. Reporting delays between the date of death and date of registration are inherent in the civil death registration process in England and Wales. Therefore, the process of nowcasting, predicting the number of deaths that occurred on a given day by adjusting available data for reporting delays, together with development of a daily surveillance system have been important to provide timely information on the health impact of an event, particularly if it is persisting.[@b7] [@b8]

###### 

Maximum daily temperature (°C) recorded in the regions of England and Wales during the heatwave alert in June 2011[\*](#table-fn1){ref-type="table-fn"}

  Region               Heat-Health Watch regional heatwave daytime threshold values (°C)   Maximum daily temperature (°C)   
  -------------------- ------------------------------------------------------------------- -------------------------------- ----------
  East of England      30                                                                  29.0                             **31.9**
  East Midlands        30                                                                  28.1                             29.8
  London               32                                                                  28.7                             31.4
  Northeast England    28                                                                  23.9                             22.1
  Northwest England    30                                                                  25.1                             27.0
  Southeast England    31                                                                  28.5                             **31.2**
  Southwest England    30                                                                  27.6                             24.8
  West Midlands        30                                                                  27.6                             28.5
  Yorkshire & Humber   29                                                                  27.8                             **29.6**
  Wales                30                                                                  26.8                             23.4

The station for each region was chosen to be as representative as possible for each region as a whole. Bold values indicate exceedance of Heat-Health Watch regional threshold temperatures.

Data provided by the Met Office National Climate Information Centre. Please note, this data is provisional and is still subject to quality control measures.

When a risk ≥60% of regional temperatures approaching the predefined Heat Watch thresholds was reached in London, southeast England, the east of England and the East Midlands on 24 June 2011, an alert was issued by the Met Office to inform social and healthcare services.[@b6] This remained until the morning of 28 June 2011. This alert triggered the provision of daily GRO data to the HPA to enable daily estimation of excess mortality. This article outlines the key findings of this new daily mortality surveillance system, detailing if an excess was detected during this time, and how the system performed in near-real time.

Methods
=======

Following the trigger of the heatwave alert on 24 June 2011, a historical dataset of all daily death data in England and Wales back to 17 May 2011 was provided by the GRO to the HPA. To nowcast excess all-cause deaths (defined as observed deaths minus expected deaths), reporting delays between death and registration were accounted for by correcting the number of observed deaths each day. This was particularly important for younger age groups where registration delays can be long.[@b9] Historical daily death data was supplied to the HPA by the Office for National Statistics (ONS) for the summers of 2010 and 2011 to develop an age- and region-specific delay correction factor. The observed delay factor was dependent upon the day of the week of death, age of the deceased and region where the death was reported. The method for how it was calculated is described elsewhere.[@b5]

After correcting historical data for delays, the data was used to establish a baseline by fitting an age-specific linear regression model within each region to determine the expected number of deaths, excluding the days on which a heatwave alert was active from the baseline model. Daily data for deaths registered the previous day was further supplied after 24 June 2011 from Monday to Friday for 2 weeks and corrected for delays. Excess deaths during the heatwave period were estimated as observed delay-corrected deaths minus baseline deaths. Estimates of excess for England and Wales, overall, and by region were calculated. 95% CIs were calculated based on the variability in deaths during the non-heatwave period. To determine whether any excess was significant, an upper 3SD limit was added to the baseline. 3SD was used to allow for multiple testing when assessing many age groups, regions and different days. The 2SD upper limit was also calculated to see if excess mortality was close to significance (above 2SD but \<3SD). The assessment of excess deaths was repeated daily for each new dataset supplied, with estimates given for deaths occurring up to two working days prior to the date of the dataset provision. Estimates given in this report are those as determined on 7 July 2011 when the final dataset was provided.

Mean and maximum Central England Temperatures (CET)[@b10] were monitored for the duration of the heatwave. Provisional region-specific temperatures were provided by the Met Office National Climate Information Centre post-heatwave.

Results
=======

Temperatures were high on 26 and 27 June 2011, with mean CETs of 20.3°C and 22.0°C and maximum CETs of 26.7°C and 28.0°C, respectively. Regionally, heatwave thresholds were exceeded on Monday 27 June in the east of England, southeast England, and Yorkshire & Humber. No regional thresholds were exceeded on Sunday 26 June ([table 1](#tbl1){ref-type="table"}).

For the period when daily mortality data was available (17 May--5 July 2011), and after correcting the number of observed deaths each day for reporting delays, significant excess mortality (above the 3SD limit) was observed in ≥65-year-olds across England and Wales on 26 and 27 June 2011, coinciding with the peak in mean CET ([figure 1](#fig1){ref-type="fig"}). This excess was detected by the daily model on 30 June (3 days later) when the model was run for the first time, once data was available and a baseline had been established. An estimated 367 excess deaths were calculated over this 2-day period. This equates to 16.6% (367/2215) (95% CI 9.7 to 23.4) of deaths in ≥65-year-olds over these 2 days ([figure 1](#fig1){ref-type="fig"}). This compares with 299 of 3197 deaths (9.4%, 95% CI 4.5 to 14.2) detected between 30 June and 2 July 2009 during the 2009 heatwave.[@b5]

![Delay-corrected observed and predicted number of all-cause deaths in \<65-yr-olds and ≥65-yr-olds in England and Wales, and mean Central England Temperature from 24 May to 5 July 2011. The yellow arrow indicates when the heatwave alert was issued by the Met Office. Excess mortality (number of deaths greater than the prediction) is deemed significant if greater than the upper 3SD limit.](jech-2011-200962fig1){#fig1}

When age-group-specific excess was explored in more detail (data not shown), the excess was only significant in ≥85-year-olds over the same time period. Two hundred and twenty-two of 1036 deaths (21.4%, 95% CI 10.4 to 32.4) in this age group were classified as excess.

When region-specific excess mortality was assessed, it was only significant in two regions in ≥65-year-olds: the east of England on 27 June with 32 of 79 deaths excess (40.5%, 95% CI 17.7 to 63.3), and London on 28 June with 39 of 139 (28.1%, 95% CI 10.1 to 46.0). Although a significant excess was not seen in other regions, excess mortality during the heatwave was above a 2SD upper limit in four of the eight remaining regions (northwest England, southwest England, West Midlands and Yorkshire & Humber). No significant excess was detected in any region in \<65-year-olds.

Discussion
==========

The UK experienced a heatwave alert in June 2011 which triggered various public health responses. Daily excess mortality reporting was switched on to enable nearreal-time monitoring of the population impact. Despite the alert lasting only four days, and temperature values increasing slightly above thresholds, the surveillance system was sensitive and timely enough to detect significant excess all-cause mortality within a short period (3 days) of the event. The observed excess was not detected in the weekly models run at the HPA over the same time period using the well-established Serfling model and the recently piloted EuroMOMO algorithm (data not shown).[@b11] [@b12]

Furthermore, the new daily mortality surveillance system was able to describe which age groups and regions were affected. The observed excess in ≥65-year-olds was primarily attributed to ≥85-year-olds. The elderly are a key risk group susceptible to the effects of heatwaves and so it is not surprising they were affected.[@b1] [@b13] The geographical distribution of observed excess in the east of England and London was consistent with the high regional temperatures observed, and also with heatwave-associated community morbidity indicators at this time determined through the routine monitoring using HPA syndromic surveillance systems.[@b14] Temperatures were notably high in the east of England, and rose above the 30°C regional threshold (maximum temperature of 31.9°C recorded), with 27 June 2011 recorded as the hottest day in the region for 5 years.[@b15] A small delayed excess was seen in London one day after the heatwave, despite temperatures not increasing above the regional threshold of 32°C. While temperature thresholds were breached in southeast England and Yorkshire & Humber, no significant excess was detected in these regions, although excess mortality was above a 2SD upper limit in Yorkshire & Humber, and so, close to significance.

The findings are consistent with the well-described epidemiology of heatwaves.[@b5] Excess mortality detected by the daily model coincided with the period over which an alert was issued, confirming appropriate temperature thresholds set by the national heatwave plan. The provision of daily data by GRO and nowcasting through this system will be useful when future events of public health significance occur and prompt analysis is required, such as heatwaves, pandemic influenza and mass gatherings such as the 2012 London Olympics.

These findings add to the evidence of the rapid effect of short periods of high temperature on sectors of the population. With an increasing elderly population and future climate changes predicted, the importance of timely heatwave public health intervention measures and an associated robust real-time mortality surveillance system is highlighted.

###### What is already known on this subject

-   Heatwaves can have considerable implications on vulnerable sections of the population, and mortality usually rises within 24--48 h of temperature increases.

-   A timely mortality surveillance system is key to rapidly detect and monitor the impact of heatwaves, which are predicted to increase in frequency with changes in climate.

###### What this study adds

-   Excess deaths were detected during a heatwave alert in England and Wales in June 2011 when temperatures were elevated for a short period, enabling a rapid evaluation of the population health impact.

-   Despite temperature values increasing only slightly above Heat Watch thresholds, a daily mortality model was sensitive and timely enough to nowcast small levels of excess mortality both in the elderly and in specific regions of England.
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